We use data from a public school choice lottery to estimate the effect of attending a firstchoice school. For the average student, attending a first-choice school is not associated with improvements in test scores or other academic outcomes. However, academic achievement is only one goal families may have when choosing a school and, depending on their preferences, parents may trade-off academic achievement against other desirable school traits. We estimate the implicit weight families attached to school test scores as revealed by their choices, and test for interactions between those preferences and the impact of winning the lottery. We find that those whose parents placed high weights on school test scores in their school choices experienced significant gains in test scores. Therefore, the impact of winning the lottery on academic achievement depends upon parents' objectives when choosing schools.
I. Introduction
In most school districts, school assignments are made on the basis of geography.
Under the typical school assignment regime, a choice of residence not only implies a choice of a social environment and a commute to work, it also implies a choice of the specific schools that each of one's children will attend. In contrast, under public school choice plans, students can apply to attend schools other than their assigned school. By decoupling the one-to-one correspondence between residential location and school assignment, public school choice plans allow for better academic and social matches between students and schools. Similarly, the federal No Child Left Behind Act of 2001 (NCLBA) requires districts receiving federal Title I funds to allow students in failing schools to choose to attend schools outside of their neighborhood. Low-income parents might benefit most from such plans, since they can choose schools in neighborhoods where they might not be able to afford to live.
Yet the net effect on academic achievement produced by public school choice remains to be seen. When districts simply relax the relationship between residential location and school assignments, parents presumably make choices which improve their utility. But the net effect on aggregate academic outcomes depends upon a number of factors. First, parents may have objectives other than academic achievement-for instance, maximizing travel convenience between home and school or looking for a good social match between their child and school. The effect on academic achievement depends on the relative importance of academic and other considerations underlying parental choices. Second, the presence of peer effects would generate externalities when talented children leave a school. Even if those switching schools improve their academic outcomes, the net impact on the youth in schools they leave may not be zero. Finally, the existence of a school choice plan may have some impact on the competitive environment facing schools, and the resulting responses by educational providers, may lead to new equilibrium levels of academic achievement at all schools.
We focus on the first of the effects above, attempting to measure the gains in academic performance achieved by those who switch schools. Using data from a public school choice program with school assignment by lottery, we estimate the impacts of attending a 1 st -choice school on student outcomes, allowing the treatment effect to vary with the value parents placed on academics when making their school choice. The underlying preferences for academics are estimated using a random utility model of school choice, based on rankings of the top three school choices submitted by each parent. Thus, our approach explicitly accounts for heterogeneity in treatment effects generated by the underlying decision process that led students to choose a particular school (Heckman, Smith and Clements, 1997; Heckman, 1997) .
Our data come from the implementation of a public school choice program in Mecklenburg County, North Carolina in the fall of 2002. The Charlotte-Mecklenburg School District (CMS) introduced public school choice after a court decision in the fall of 2001 terminating a race-based busing plan which had been in effect for three decades.
Under the choice plan, parents in the district submitted their top three choices of schools for their children, and the district assigned students to schools through a lottery system.
The school district provided us with data on student's choices, lottery numbers and final school assignments, along with data on individual student's demographics and academic achievement for the year before and after the implementation of the school choice plan.
There are three main innovations in this paper. First, we use a mixed logit model of school choice to estimate the implicit weight parents attached to various school characteristics such as test scores, proximity and racial composition. 1 We find considerable heterogeneity in the weight attached by parents to different school characteristics. In particular, we find that those with higher baseline test scores and those living in higher income neighborhoods tend to place a higher weight on school test scores in their choices. We also find evidence of additional unobserved heterogeneity in preferences for school test scores, based on systematic differences in the choices made by parents of similar students facing similar school options.
Second, we use the lottery outcomes to study the effect of being assigned one's first choice school on a range of outcomes, including math and reading test scores, absences and disciplinary actions. We find little impact for the pooled sample of being assigned to one's first choice school on test scores, absences or disciplinary actions. This finding is consistent with several recent studies of impacts of school choice, which find no effect of attending a first choice school on academic outcomes (Cullen, Jacob and Levitt (2003) , Mayer, et. al. (2002) and Krueger and Zhu (2002) ).
It may not be surprising that there is little impact overall on student achievement-since parents choose schools for many reasons, not simply to maximize academic achievement. Understanding the reasons for the choice tells us something about the magnitude of the impact we should expect. We would expect positive impacts on student achievement for the parents placing the highest weight on academics in their choices, but not necessarily for other parents. For instance, parents implicitly tell us how much they value academics when they choose to bypass several lower scoring schools to attending a school with higher test scores much further from their home. Likewise, the quarter of parents in Mecklenburg County who chose schools with test scores lower than their default school signal that they care about something other than academics.
Therefore, our third and most important innovation is to combine the results from the first two parts of the paper, to estimate the relationship between the implicit weight attached to school test scores by each family and the impact on student achievement of winning the lottery to attend one's first choice school. This is an important departure from the earlier literature on school choice. Rather than simply study the overall impact of winning the school lotteries to attend a first choice school, we use the combination of the choice data and the school choice lottery data to model the heterogeneity in treatment effects. We use the mixed logit results to estimate the weight attached to school test scores by individual parents in making their choices and then compare the impacts for those with high and low weights on test scores.
Indeed, we find important differences in the effects of winning the lottery, depending upon the importance attached to test scores. Students with estimated weights on school test scores in the top decile experienced significant rises in end of grade test
scores of approximately 0.1 to 0.2 standard deviations. In contrast, students placing little value on academics actually experienced declines in standardized test scores.
An important innovation in this paper is offering a model and potential explanation for heterogeneous treatment effects across subgroups of students. Prior research has tested for differences in subgroup impacts, without having reasons to necessarily expect differences in impact by subgroup. Given a sufficiently large number of independent subgroups, one is bound to find one subgroup for whom the difference passes the threshold of statistical significance. Our results suggest that differences across subgroups can be explained by underlying differences in parents' willingness to trade off expected gains in academic achievement for gains in utility along other dimensions, such as proximity or school racial composition. More generally, this implies that the impact of school choice on academic outcomes will depend on both the willingness of parents to make these tradeoffs, and the extent to which the available school choices require such tradeoffs to be made.
This paper proceeds in five main sections. The first section lays the background for the data and estimation by describing key details of the CMS school choice plan. The second section outlines the relationship between expected academic outcomes and preferences in a school choice plan, where parents choose schools based on expected academic achievement and other school characteristics, and students are then granted admission to schools by lottery. In the third section we generate estimates of the preferences for academic achievement. We then incorporate these preference estimates into our final estimation of the effect of attending a first choice school on academic outcomes. The final section concludes.
II. Background: The CMS School Choice Plan
A. School Choices Before the introduction of a school choice plan in the fall of 2002, the CharlotteMecklenburg public school district (CMS) operated under a racial desegregation order for three decades. In September 2001, the U.S. Fourth Circuit Court of Appeals declared the school district "unitary" and ordered the district to dismantle the race-based student assignment plan. In December of 2001, the school board voted to approve a new districtwide public school choice plan.
In the spring of 2002, parents were asked to submit their top three choices of school programs for each child. Each student was assigned a "home school" in their neighborhood, typically the closest school to them, and was guaranteed admission to this school if they were not admitted to any of their top three choices. Students were similarly guaranteed admission to continue in magnet programs in which they were enrolled in spring 2002. Admission to non-guaranteed schools was granted based on lottery assignment as described in the next section.
The implementation of the school choice program resulted in a large redistricting of home school assignments. Prior to choice school assignment zones were discontinuous, incorporating isolated neighborhoods to achieve racial balance. When these zones were changed to "home-school" zones, approximately 50 percent of parcels lost property rights to the school they had rights to under busing. This dramatic change in school assignment zones implies that residential location was less likely to reflect endogenous sorting based on family preferences for a nearby school. This provides an interesting environment in which to examine parental preferences and the impact of attending a first choice school on academic achievement.
The district received choice response forms for 95% of students. However, since students were guaranteed a slot in their home school, many parents filled out only one choice -their home school. Overall, 35,754 students filled out only a first choice, 18,486 students listed only a first and second choice, and 46,246 students listed completely all three choices. Table I reports the number of choices submitted by each parent by race and free lunch eligibility. Among white free-lunch-ineligible students, about half (51%) listed only one choice on their forms. Black and free-lunch-eligible students were much more likely to fill out all three choices. Moreover, among those who were ineligible for the free lunch program, non-white students were nearly twice as likely to list all three choices relative to white students (54 percent versus 29 percent).
There are at least two reasons why white students who are not free-lunch eligible were more likely to list only a single choice. First, the average quality of their home schools is significantly higher. Table I shows the average test score, measured in studentlevel standard deviation units, for home schools by race and free lunch eligibility. The average scores for home schools of white and free-lunch-ineligible students are higher than those of other groups. As a result, the more affluent students are less likely to find another school in their choice set that would dominate their guaranteed school on both academic quality and proximity. However, the last row in Table I shows that students in all four race-lunch-recipient categories had top a quartile school within approximately the same average distance from their home. Due to historic school placement for bussing, very good schools were within a reasonable distance for students of all socio-economic groups. Table I also reports the fraction of students in each demographic group that listed their home school as their first choice. According to Table I , 64% of white, lunchineligible students chose their home school first, while only 51% listed only a first choice. This implies about a fifth of the white, lunch-eligible parents whose top choice was their home school actually provided additional rankings. About half of the black, lunch-eligible children whose top choice was their home school, provided some additional listings. Whatever their reasons for doing so, the availability of multiple choices from those who listed their home school first will further aid in the identification of the preference parameters. For the estimation using the randomization, we will use only students who did not choose their neighborhood school, and thus were assigned based on the lottery system.
B. Lottery Assignments
Admission of students to non-home choices was limited by grade-specific capacities set by the district. The district allowed significant increases in school enrollment size at high-demand schools in the first year of the choice program in an expressed effort to give each child one of their top three choices.
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Approximately one third of the schools in the district were oversubscribed. The district implemented a lottery system for determining enrollments in those oversubscribed schools. Under the lottery system, students choosing non-home schools were first assigned to priority groups and student admission was then determined by a lottery number. The priority groups for district schools were arranged in lexicographic order based on the following priorities:
Priority 1: Student who had attended the school in the prior year. (Students were subdivided into 3 priority groups depending upon their grade level, with students in terminal grades-grades 5, 8 and 12-given highest priority.)
Priority 2: Free-lunch eligible student applying to school where less than half the students were free-lunch eligible.
Priority 3: Student applying to a school within their choice zone.
Under the lottery system, students listing a given school as their first choice were sorted by priority group and a randomly assigned lottery number. 3 Any slots remaining after home school students were accommodated were assigned in order of priority group and random number. 4 If a school was not filled by those who had listed it as a first choice, the lottery would repeat the process with those listing the school as a second choice, using the same priority groups as above. However, for many oversubscribed schools, the available spaces were filled up by the time the second choice priority groups came up.
Students who were not assigned one of their top choices were placed on a waiting list. About 19% of students winning the lottery to attend their first choice schools subsequently attended a different school, with 13% choosing to attend their home school instead and another 6% choosing to attend a different school entirely, with most of these students changing address. When slots became available, students were taken off the wait list based on their lottery number alone, without regard for their priority group.
III. The Marginal Impact of Choice
We exploit the lottery outcomes to estimate the effect of attending one's firstchoice school. Even though random assignment allows identification of the average treatment effect, we may be interested in more than the average impact. For example, students with a strong preference for a school's academic characteristics experience improvements in academic outcomes when they are offered the opportunity to switch schools. However, students with a strong preference for proximity or racial climate may actually experience losses in academic achievement. These heterogeneous treatment effects may average out to zero, but the policy implications may be very different from a treatment with a zero impact for all students.
A number of recent studies have used some form of randomization to estimate an average treatment effect of school choice, and have generally found little evidence of improved academic outcomes. For instance, Cullen, Jacob and Levitt (2003) exploited lottery outcomes to study the effect of a public school choice program in Chicago, and found no discernible impacts on various measures of academic achievement for those winning the lotteries. In general, an insignificant result may not mean that schools do not have an impact on outcomes. It may simply mean that parents were optimizing some objective other than academic achievement in their choice of school. Using the unique multiple response data we will be able to examine the mechanisms driving choice, and the implications this has for heterogeneous treatment effects.
It is clear that parents have very heterogeneous preferences over school characteristics. Figure 1 shows that approximately 20% of students chose schools that had lower test scores than the school they had guaranteed admission to. In addition, among those with the same elementary home school for 2002-03, parents on average listed 10 different elementary schools as their first choice. 5 The range of choices made suggests that heterogeneous preferences may play a key role in school selection, and may therefore generate differential gains in academic achievement.
Suppose that parents choose schools for both the expected academic gain for their child, but also for other reasons, such as proximity or racial composition. Consider the following utility function of parent i for school j
where ij A is the expected academic achievement of student i if she attends school j, ij V is the utility for student i from attending school j along non-academic dimensions, and i β is the weight that parent i places on academic achievement relative to non-academic dimensions. The utility gain from attending the first choice over the alternative school is:
where delta denotes the difference in variables between school alternatives k and j. A student will choose an alternative school over their home school only if the utility gain is positive, i.e. 0 > ΔU . Among students choosing an alternative school over their home school, the expected academic gain of a student randomized into their 1 st choice school is given by:
In this simple framework, students with high i β have a positive expected treatment effect (gain in academic achievement from attending the first-choice school). In fact, as i β gets very large, the expected treatment effect alone determines choice and, therefore, must be positive for all students who choose an alternative school. For a student with low i β (near zero), the expected treatment effect is ambiguous. If A Δ and V Δ are independent and A Δ is mean zero, then the expected treatment effect is zero, i.e.
. If A Δ is negatively correlated with V Δ , as may be the case for some non-academic dimensions such as proximity and percent African American, then the treatment effect will be on average negative for students placing a near zero weight on academic outcomes. That is, test scores of students choosing for a school characteristic that is negatively correlated with academics will tend to fall if they are admitted to their first choice school. Hence, this basic framework generates the prediction that the expected treatment effect is positive for all students with a strong preference for academic achievement. Among students with weaker preferences for academic achievement, the expected treatment effect will depend on the tradeoffs that parents face.
The treatment effect could even even be negative if expected academic achievement is sufficiently negatively correlated with other valued school characteristics.
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IV. Estimating the Preferences for School Characteristics
In order to test for heterogeneous treatment effects, we first estimate a random utility model of demand for schools, allowing preferences for school characteristics to vary across individuals in the population. We then calculate a posterior estimate of the weight each student placed on academic achievement given the choices they made and the choice set they faced. This section describes how we constructed estimates of the weight each student placed on academic achievement. The next section uses the student assignment lottery to estimate the treatment effect of attending a first choice school, and tests whether the treatment effect on a student's academic performance increases with the estimated weight each student places on academic achievement.
A. Model Let U ij be the expected utility of individual i from attending school j. We assume that utility is a linear function of the academic achievement of i at school j, ij A , and other school-student characteristics, ij Z , such as distance from home, busing availability, and racial composition. Thus, expected utility is given by: can estimate E(∆A|∆U>0) directly from the random utility model. We estimated models of this form and found that they performed poorly in terms of predicting the magnitude of the treatment effect, suggesting that either our assumptions were too restrictive or the necessary student-choice level parameters were poorly identified.
average test score at school j ( j S with a coefficient normalized to one), other observable characteristics of the school ( ij Z ), plus a mean zero deviation that is known to the parent ( ij υ ). Thus, parents base their expectations of academic achievement on observable school characteristics plus idiosyncratic factors affecting their child. This specification allows for the possibility that non-academic factors such as proximity may affect academic achievement (for example, through longer bus rides) and also allows for the possibility that parents adjust school test scores for racial composition of the school (the "value-added" approach).
Using equation (5), we can re-write the indirect utility function as:
Assuming that ij ε follows an independent extreme value distribution, we get the typical logit functional form for the probability of choosing school j.
Note that i β , the preference parameter that individual i places on academic achievement, is identified in the logit model because school test scores are assumed to influence utility only through their effect on academic achievement, whereas other school characteristics in ij Z may affect utility directly. While this assumption may not be precisely true, it seems reasonable that, after controlling for other school characteristics, the variation in school test scores is a good proxy for expected academic achievement in the school.
Note also that estimation involves normalizing the variance of ij
is an increasing function of i β , normalization will reduce the estimate of i β for high-i β types. However, while this will act to understate the estimated variation in i β in the final model, it does not affect the relative rankings of individuals with respect to i β -which is the information we use to estimate heterogeneous treatment effects.
We estimate a mixed-logit model of demand, allowing for the preferences for school characteristics to vary across individuals (Train (2003); Hastings, Kane and preferences and observable student characteristics, and through idiosyncratic preferences (random coefficients). We allow the mean preference for a school's standardized score to vary with students' baseline test scores and family income. We allow all preference distributions to vary by race and free-lunch recipient status as well. Idiosyncratic variation in preferences is governed by distributional assumptions. We will assume that preference parameters are drawn from a joint normal distribution.
Given the specification above, the probability that individual i chooses schools
We assume that
μ denotes the mean, and θ represents the variance parameters. The term inside the integrand represents the probability of observing the three ranked choices conditional on the preference coefficients (β): this is the product of three logit probabilities evaluated at i β , corresponding to the probability of making each choice from among the remaining options. 8 This conditional probability is integrated over the distribution of β to yield the unconditional probability of observing the ranked choices. Estimation was by the method of maximum simulated likelihood, using 100 draws of β from ( ) f ⋅ for each individual in the data set. The results were not sensitive to the number of draws used. We assume that all random parameters are drawn from a normal or log normal distributions, and allow for correlation among some of the main preference parameters as reported in the tables.
B. Specification
In modeling parental choices, we include key observable school characteristics.
To measure proximity, we included the travel distance (measured in miles along roads) from each student to each school, an indicator if the student was eligible for busing to the school, and an indicator if the school was designated as the student's neighborhood school. We included a binary measure indicating whether the child attended at given school in the prior year. To capture the racial composition of a school, we included the percent black in the school in Spring 2003 and its square. When the quadratic term has a negative coefficient, this specification yields an implied bliss point (where the quadratic peaks) for preferences over racial mix of a school. To capture the academic quality of the school, we included a measure of average test scores in the school (the school level average of all students' standardized math and reading scores in spring of 2003). 9 Table   II lists the dependent variables in the indirect utility function and describes how they were constructed.
We allow the mean preference for academic achievement (the coefficient on school test scores) to vary linearly with the student's standardized baseline test score (from the spring of the prior year, standardized by grade level across the district) and the median household income in the student's neighborhood for the student's race (measured in $1000's, using their census block group in 2000, and de-meaned with the countywide median of $51,000). Preferences for distance are constrained to be negative, following a lognormal distribution. We allow preferences for proximity and academic quality to be correlated. All other preference distributions are assumed to be independently and normally distributed. We estimate the parameters of the preference distribution separately by race and lunch-subsidy status. This permits the preference distributions and logitnormalization to vary across the four socio-economic categories.
C. Identification and Results from Mixed Logit Estimation
Before discussing the results, it is helpful to note some key aspects of the data that will aid in identification of preference parameters. First, the large scale redistricting that (2004)). Intuitively, when only a single (1 st ) choice is observed for every individual, it is difficult to be sure whether an unexpected choice was the result of an unusual error term ( ij ε ) or unusual preferences by the individual ( i β ) for some aspect of the choice. However, when an individual makes multiple choices that share a common attribute (e.g. high test scores) we can infer that the individual has a strong preference for that attribute, because independence of the additive error terms across choices would make observing such an event very unlikely in the absence of a strong preference. In addition, because CMS is a fairly integrated district, with a sizable non-white middleclass, a sizeable low-income white population, and historic placement of schools for racial integration, there is a weaker correlation between average test scores, percent African American, and neighborhood location of top-tier schools. This provides differential variation in proximity, academic achievement and school racial composition in the choice set for students of all socio-economic groups.
The final estimation sample includes 36,816 students entering grades 4-8.
Estimation is limited to these grades because of the lack of test scores (either baseline or school test scores) in other grades. The means and standard deviations of these variables across the 2.4 million school choice and student interactions available to our sample of students and schools are reported in Table III . The first four rows of coefficients in Table IV report the preferences for school test scores by race and lunch-recipient status. The first row of coefficients reports the mean preference for school scores for the average student. It is positive for all four demographic groups, implying that school test scores have a positive effect on choosing a school for the average student. For a student with average baseline test scores and average income, the mean preference for school scores is larger for non-white students (1.80) than for white students (1.17) among students not receiving lunch subsidies.
Preference for school scores among students receiving lunch subsidies are lower for both whites and nonwhites, but the difference between whites and nonwhites is similar.
To allow for the possibility that preferences for school scores would vary with student baseline academic ability as well as student income level, we included interactions between school test scores, student's baseline test scores, and neighborhood income level. 11 The third and fourth rows of parameter estimates report the coefficient on the interaction of school scores with income and the student's baseline score respectively.
Recall that both neighborhood income and the student's baseline score are "de-meaned", so that the coefficient on the main effect of school score measures the value of school test score for a student with average income and baseline test score (both equal to zero).
The coefficients on the income interaction imply that mean preferences for a school's test score (conditional on its racial composition) are increasing with income. The magnitudes of these parameters are roughly consistent with the differences in the mean preferences for test scores between lunch-recipients and non-lunch recipients within race.
Similarly, the mean preference for school scores is increasing in the student's baseline 11 For students who are eligible for lunch subsidies, we did not include the interaction with neighborhood income because all of these students are presumably very low income. In initial specifications using a conditional logit, income interactions with the preference for school scores were generally insignificant for the lunch-recipient segments.
test score. The coefficient on the interaction between the student's baseline test score and the school mean test score is positive -implying that those with higher test scores relative to their baseline peer group value a school's test scores more. The effect of a student's baseline score on the preference for school test scores is similar in magnitude to the effect of income. A one standard deviation increase in the baseline test score is associated with a 0.3-0.6 increase in the mean preference for school test scores, while a one standard deviation increase in neighborhood income (about $25,000) is associated with a 0.3-0.4 increase in the mean preference for school test scores.
The coefficients on the interactions of income and baseline score with school scores demonstrate that there is considerable observable heterogeneity in preferences for academics. Parameter estimates for the standard deviation in idiosyncratic preferences for academics are reported in Row 2. While differences in baseline test scores and income each generate a standard deviation in preferences of roughly 0.3-0.6 based on the calculations from the previous paragraph, the estimated standard deviation in idiosyncratic preferences for school test scores is also around 0.3 for non-whites and 0.65 for whites. Hence, there is substantial unobserved heterogeneity in preferences for test scores. Taken together, the coefficients imply that academics are on average a significant determinant of school choice. Furthermore, the substantial variation across students in the weight placed on academics suggests that we may expect to see strong school choice selection on academic outcomes for some students and not for others. The fact that much of the heterogeneity in preferences is unobservable implies that the traditional approach of allowing the treatment effect to vary with observable characteristics, such as race or lunch status, may not completely capture heterogeneous treatment effects by preferences for academics.
The parameter estimates for the remaining coefficients indicate that parents face important trade-offs between academic and non-academic factors when choosing schools.
Rows 5 and 6 report the parameter estimates for the lognormal distribution of preferences for distance. Rows 7 and 8 report the mean preference and standard deviation for the neighborhood (or 'home') school. 12 Parents dislike distance and prefer their neighborhood school. These coefficients indicate that the average parent must trade-off utility for proximity in order to gain utility from expected academic outcomes. For most students, attending a high-achieving school will require them to choose a school that is farther than their home school and a school that is not their home school. Hence there is a negative correlation between school characteristics that measure proximity and those that capture academic achievement. This implies that parents of all races must, on average, trade-off utility for academic gains against utility gains for proximity.
In addition to trading-off proximity for academics, African American parents must trade-off academic gains against the racial composition of peers. The preference coefficients on percent black imply that the average African American parent prefers schools where approximately 70% of the student body population is black, while the district as a whole is approximately 45% African American. However, the percent black at a school is negatively correlated with average test scores (correlation is around -0.65).
The negative correlation between test scores and racial composition implies that African
American parents must value academic achievement much more than their white counterparts in order to induce them to choose a higher performing school that also has, on average, fewer African American students. Given the coefficients for the quadratic term in racial preferences, the loss in utility for black families is highest when percent black is low (less than 40%), which is precisely the range in which school average test scores are highest.
D. Posterior Estimates of Individual Preferences for Academics
Given the preference parameters in Table IV , we use Baye's rule to calculate posterior estimates of the weight each student placed on school scores in the following way (Revelt and Train (1998) and Train (2003)):
Where y i denotes the choices the student made, X ij denotes the student and school characteristics that enter the indirect utility function, θ denotes the parameters that default effect. They provide evidence that the preference for the neighborhood school is a neighborhood preference that is not generated by default behavior.
(8) describe the density of β , and A i β represents the weight student i placed on school test scores (including the estimated effect of income and student baseline scores). This equation is the expected value of student i's preference for academics given her characteristics, the choices she made, the characteristics of the schools given her location, and the estimated distribution of preferences in the population. Equation 8 was simulated for each student using 1000 draws from the estimated preference distributions in Table   IV . 13 The posterior estimate effectively calculates how different a student's preferences must have been from the average to generate the observed sequence of choices given the choice set she faced. Thus estimating A i β allows us to succinctly incorporate all of the relevant choice information for each student into one statistic -the estimated value the student places on a school's academic performance. In the following section, we incorporate these posterior estimates of the weight placed on academics into our estimation of the treatment effect of attending a first choice school.
V. Estimating the Impact of Attending a 1 st Choice School on Academic Achievement
In this section we estimate the causal relationship of attending ones 1 st choice school on academic achievement, allowing the treatment effect to vary with the revealed strength of parents' preferences for a school's test scores. We focus on the subset of students choosing schools that were over-subscribed. We then limit our sample to the marginal priority groups within those schools for whom lottery number alone determined initial admission. Throughout most of the analysis, we will ignore members of priority groups in which all students were either admitted or denied admission-since the assignment of lottery numbers had no impact on their admission status. In some schools, the marginal priority group will consist of those who attended the school the year before, or free-lunch eligible students, or students from the choice zone. The marginal priority group may also be different for different grade levels in a school.
attending a first-choice school on academic achievement. Since not all of those who won the lotteries actually chose to attend their first choice school, and some of those who lost the lotteries were subsequently admitted off the waiting lists, we used the randomized lottery outcome as an instrumental variable to estimate the impact of attending one's first choice school in following regression: Note that all of the information used to derive the preference weights was observed prior to randomization. Since ˆA i β depends only on baseline data that is independent of whether the student won the lottery, its interaction with winning the lottery is a valid instrument once one has conditioned on baseline data. We include as regressors: ˆA i β , gender, race/ethnicity, free lunch status, home school dummy variables, baseline test scores, income, absences, suspensions, and grade retentions. Random assignment by lottery implies that the impact of winning the lottery, γ 1, is consistently estimated even without these control variables, but the additional control variables greatly improve precision.
The fixed effects, δ j , are included for each school and grade, to account for the fact that the probabilities of winning the lottery varied across lotteries. We report robust standard errors, allowing for correlations in outcomes among students with the same firstchoice school (which may include more than one grade with a lottery). As long as winning the lottery has an impact on student outcomes only through the likelihood that one attends a first choice school, then the IV estimates of γ 1 and γ 2 using the lottery outcome and its interaction with ˆA i β as instruments, will be consistent estimates of the impact of attending one's first choice on various outcomes. . If the dependent variable is the student's own test score, we expect γ 2 >0, implying that 14 After the initial lotteries some students were taken off the waitlist according to lottery number. Adding the waitlisted students to our sample (in addition to the marginal priority groups), we estimated specifications similar to (2) and (3) above, using as instruments both whether or not a student won the lottery and the randomly assigned lottery number interacted with being placed on the waitlist. The results were quite similar to the results we report. students who place more weight on test scores experience a larger treatment effect. The parameter γ 1 gives the treatment effect for a student that places no weight on test scores in their school choice decision, and could in principal be negative as such a student would trade off other school attributes for lower test scores.
A. Lottery Data and Characteristics of the Randomized Subpopulation
We began with the choice forms submitted by 105,706 students in the first year.
Reflecting the district's intensive outreach efforts, choice forms were received for over 95% of all the students enrolling that fall. After dropping students who were not in grades 4-8, who had special disabilities needs, and students who were admitted because of siblings, we were left with a sample 37,115. Of these, 22,872 listed their guaranteed home school (n=19,669) or magnet continuation school (n=3,203) and, therefore, were not subject to randomization. Another 7,583 students were in groups sufficiently high on the priority list that they were not subject to the randomization. There were 3,065 students in marginal priority groups, described above as those priority groups within the schools where slots were allocated on the basis of a random number. Finally, there were 3,595 students in priority groups that were sufficiently low on the priority list that all members of the priority group were denied admission and placed on the waitlist.
Our outcome measures include data on student absences, suspensions, and standardized test scores for all students in the district for the years surrounding the implementation of the choice program. Because students in kindergarten through 2 nd grade do not take the state exams, and because high school students only take the end-ofcourse exams in the subjects they choose, we had reading scores only for students in grades 3 through 9 and math scores for students in grades 3 through 8. 15 We standardized the test scores by grade level and year to have mean zero and a standard deviation of one.
In addition the testing data in North Carolina also include student self-reports on the number of hours of home work they did each week. 15 For grades 3 through 8, we used math and reading scores on North Carolina end-of-grade exams. For the grade 9 reading score, we used the student scores on the test given at the end of English I, since over 90 percent of freshmen took the exam. The equivalent math test, Algebra 1, is taken by 8 th , 9 th , and 10 th graders depending on their level of advancement through math courses. Hence, a math score measure is not as easily identified as the reading score measure for 9 th graders.
B. Empirical Results: Summary Statistics
We focus on the 3,065 sample members in the marginal priority groups that were subject to the randomization. Table V compares descriptive statistics on the baseline characteristics for these students and for students in the district as a whole. Students in the marginal priority group were more likely to be African American, and more likely to receive lunch-subsidies, reflecting their higher probabilities of choosing non-guaranteed schools and the priority boosts given to these students. Students in the randomized group also tended to have lower test scores, higher absences, and more suspensions, and have home schools with lower average test scores and higher percent minority. It is important to keep these differences in mind, since we are only able to estimate the impact of the school choice program for the population of students in the randomized group.
In order to verify the validity of the randomization of lottery numbers, we examine the baseline characteristics of lottery winners and losers within the randomized group. Table VI reports these baseline characteristics for our estimation sample. Our estimation sample excludes 181 students who were in marginal priority groups but missing needed baseline characteristics (such as address, which was used in the choice model). The table reports unadjusted differences, as well as differences from an OLS regression including fixed effects for the school program and grade for which the lottery is being conducted. Before adjusting for lottery block fixed effects, there are some differences in baseline characteristics between lottery winners and losers (although none are statistically significant). However, these differences were largely due to a correlation between the characteristics of lottery participants and the lottery odds. After including a fixed effect for each school program and grade, all such differences were smaller and were not significantly different from zero.
C. Impact of Winning Lottery on the Characteristics of School Attended
Before presenting the effects of winning the lottery on student outcomes, we test whether winning the lottery had any effect on the characteristics of the school attended. percent of the lottery losers did.
The second row of estimates in Table VII 
D. The Effect of Attending a First-Choice School on Student Outcomes
In order to estimate the marginal impact of allowing parents to switch to their first choice school, we used an indicator of whether or not a student won their lottery as an instrument for attending one's first choice school to estimate:
Estimates of the average treatment effect (equation 12 with γ 2 =0) for various student-level outcome measures, Y i , are reported in Table VIII.   16 16 Some readers may prefer to see the reduced form impact of winning the lottery on various student outcomes. Recall from Table V that lottery winners were roughly 50 percentage points more likely to
The estimates in Table VIII are broken down by academic and non-academic outcomes. For non-academic outcomes we include the impact of winning the lottery on absences, suspensions, retentions, and homework time. Among these outcome measures, the average treatment effect is significant and negative for retention rates. Winning the lottery to attend a first choice school causes a dramatic reduction in retentions -a 2.3 percentage point decrease off of an average base of 2.2%. We do not find a significant impact on absences or suspensions, however. In addition, we find that students who are randomized into their first choice school report spending more time on homework. The outcome measure is an indicator if the student reports spending more than 3 hours per week on homework on self-reported surveys given to students with the end of grade exams. Even though students who attend their first choice school report a significant increase in homework hours, we find no measurable average effect on standardized test scores. The final row of estimates in Table VIII shows no significant impact of attending a first choice school on standardized test scores. 17 The point estimate is nearly zero, but there is a relatively large standard error. The results are consistent with the current literature, and while they exploit randomization into first choice schools to create credible counterfactual comparisons, the average treatment effect may mask important heterogeneity arising from how utility maximizing parents select a first choice school. Table IX incorporates the weights placed on academic achievement when choosing a school into the estimated impact of attending a first choice school on standardized test scores. The coefficients imply that the effect of attending one's first choice school on a student's test scores is significantly increasing with the weight that a student placed on test scores in choosing a school. The estimated weight placed on academics displays significant heterogeneity across students, ranging from just below zero at the 1 st percentile to just over 4 at the 99 th percentile, with a mean of 1.3 and a standard deviation of 0.8. The regression estimates imply that a one standard deviation attend their first choice school than lottery losers. To obtain a rough estimate of the reduced form impact of winning the lottery, simply divide the estimates of γ 2 and its standard error in Table VI These estimates are consistent with our general prediction that heterogeneous treatment effects should be positively related to the weight placed on academic achievement derived from a random utility model of school choice. An alternative and less structural approach, often used in the literature, is to allow for heterogeneous treatment effects to vary by observable characteristics, such as race, gender and freelunch status. These observable measures may be crude proxies for underlying preferences, and as such be related to treatment effects. But by developing a demand model and estimating preferences, we are able to create a single index,ˆA i
E. Heterogeneous Treatment Effects on Test Score Outcomes
incorporates a complex set of data that determine choices. It incorporates not only the student's characteristics, but also the characteristics of her choice set as well as the preference distribution in the population of students. Table X shows that the average value of ˆA i β captures observed variation in the average treatment effect across subsets of students defined by their race, income, freelunch recipient status, and baseline test score. We also estimate treatment effects for subsets of students who differ in whether their first choice school was an academic magnet school or whether their first choice school had average test scores above the median school in the district. These characteristics of the first-choice school are rough measures of the value a student placed on academics in selecting their school. Cullen, Jacob and Levitt (2003) present results by this cut, yet do not find that it generates significant estimates of the average treatment effect of attending a first choice school.
Overall, Table X shows that the difference across these subsets of students in their average preference for academics (ˆA i β ) is strongly related to the estimated treatment effect of attending a first-choice school on the student's combined test score. For example, the average weight placed on test scores is above the overall average of 1.33 for students who are white, have income above the median, are not eligible for free lunch, have above average baseline scores, or whose first-choice school is either an academic magnet or has above median test scores. In all of these subsets of students, we estimate positive effects of attending the first-choice school on academic achievement -although in only a few of the categories are the effects statistically significant (white and above median income). In all the remaining subsets of students, the average weight placed on test scores is below the overall average of 1.33, and the estimated treatment effect is negative (although never statistically significant).
There are two advantages to using estimates of ˆA i β to identify heterogeneous treatment effects, rather than ad hoc distinctions such as race and income. First, using a single index, rather than estimating differences in impacts for an arbitrary number of subgroups, increases the precision with which we can identify heterogeneous treatment effects. A second advantage is that the ˆA Table XI presents the results from specifications identical to those in Table IX, but estimated separately for students who prefer a school that is less than 55 percent black (primarily white students) and students who prefer a school that is more than 55 percent black (primarily non-white students). Posterior estimates of student-level preferences for school racial composition were calculated in the same way as theˆA i β 's were. The average treatment effect is positive for students who prefer a predominantly white school, and there is no significant interaction with the weight that the student places on test scores in their school choice. For these students, both high and lowˆA i β students experience academic gains from attending their first choice school. In contrast,
for students who prefer a predominantly black school there is a significant interaction between their estimated preference for academics and the treatment effect. HighˆA i β students experience academic gains from attending their first choice school that are similar to students who prefer a predominantly white school. In contrast, lowˆA i β students who prefer a predominantly black school experience a negative effect on academic performance from attending their first choice school. This evidence suggests that the relationship between preferences and treatment effects may depend importantly on the trade-offs that parents face given their preferences and their school choice options. These results also highlight the potential importance of the underlying decision-making process to understanding the heterogeneous impacts that public school choice has on student academic outcomes.
VI. Conclusion
When given the choice to attend a public school other than the home school to which they have been assigned, the parents of 49 percent of the students in Charlotte took the opportunity and listed a school other than their assigned school as a first choice. In this paper, we evaluate the impact of switching schools on various academic and nonacademic outcomes. On average, among those applying to the oversubscribed schools, winning the lottery had no discernable impact on students' own reading and math scores overall, even though lottery winners attended schools with higher math and reading scores than did lottery losers. Winning the lottery had modest impacts on other outcomes, however, such as increasing homework time and reducing grade retentions.
However, parents seem to choose schools for many different reasons. Indeed, one quarter of parents who were willing to switch chose schools with lower mean test scores than their assigned schools. Overall, the results presented in this paper imply that the effect of attending one's first choice school on academic outcomes is significantly increasing with the value that a student placed on test scores in choosing a school.
Among students placing a high weight on school test scores, there was a positive effect of attending their first-choice school on their own test score. In contrast, for students who placed a low weight on school test scores, we found negative effects of attending their first-choice school on their own test score.
A number of recent papers have found no impact on average of attending a firstchoice school on academic achievement. Our evidence suggests that the absence of any parents appear to get what they want. When parents want improved academic outcomes, they are able to get them. When parents value other school attributes, and are willing to trade off academic gains for utility gains on other dimensions, school choice will allow them to make decisions that may maximize utility but not academic achievement.
Ultimately, the trade-offs that parents are willing to make along these dimensions in choosing a school for their children will determine whether school choice programs will be successful at improving academic achievement. 
Income
The median household income reported in the 2000 Census for households of student i's race in student i's block group. Income is demeaned by the county-wide average of approximately $51,000 and is reported in thousands of dollars.
Percent Black
The percent of students in school j who are black according to 2002-2003 school year administrative data. Notes: Sample limited to students in randomized priority groups with complete baseline data. Difference is between students admitted (won the lottery) and waitlisted (did not win the lottery). Each adjusted difference is from a separate regression of the given baseline characteristic on whether the student was randomly assigned to her first-choice school, controlling for lottery fixed effects. Standard errors adjust for clustering at the level of the first-choice school. Asterisks indicate significance (*=.05, **=.01, ***=.001). 
Total observations 2884
Note: Each entry in the table is from a separate regression of the given characteristic of the school a student was attending at the end of the year on whether the student was randomly assigned to her first choice school, controlling for lottery fixed effects, home school fixed effects, and the baseline covariates listed in Table VI . Sample includes only students in the randomized priority group with complete baseline data. Standard errors adjust for clustering at the level of the first choice school. Asterisks indicate significance (*=.05, **=.01, ***=.001). Note: Each entry in the table is from a separate IV regression of the given student outcome on whether the student was attending her first choice school, using random assignment to the first choice school as an instrument. These regressions control for lottery fixed effects, home school fixed effects, and the baseline covariates listed in table VI. Sample includes 2884 students in the randomized priority group with complete baseline data. Sample sizes for homework (N=2554) and combined test score (N=2581) are smaller due to missing data on the dependent variable for some students. Standard errors adjust for clustering at the level of the first choice school. Asterisks indicate significance (*=.05, **=.01, ***=.001). Notes: Each column in the table is from a separate IV regression. The dependent variable is a student's combined standardized test score in the spring of 2003. Each specification reports the coefficients on attending the first choice school and its interaction with the weight that the student places on test scores (Weight) in the school choice decision, using random assignment to the first-choice school and its interaction with Weight as instruments. All specifications control for lottery fixed effects, home school fixed effects, the baseline covariates listed in Table VI , and a direct control for the student's Weight estimate. Sample includes only students in the randomized priority group with complete baseline data. Standard errors adjust for clustering at the level of the first choice school. Asterisks indicate significance (*=.05, **=.01, ***=.001). Note: Each row of the table reports estimates for a different student sub-sample, as indicated. The first column reports the average weight that the students place on test scores (Weight) in the school choice decision. The second column reports IV estimates of the impact of attending the first choice school on the combined student test score, using random assignment to the first choice school as an instrument. Regressions control for lottery fixed effects, home school fixed effects, and the baseline covariates listed in table VI. Sample includes only students in the randomized priority group with complete baseline data. Standard errors adjust for clustering at the level of the first choice school. Asterisks indicate significance (*=.05, **=.01, ***=.001). 
